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MAGNETIC TONER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a toner for use 
in an image forming method such as electrophotography, 
electrostatic printing, a magnetic recording method, 
or a toner jet method. 

2. Description of the Related Art 

Various toners have been heretofore proposed in 
order that fixability at a low temperature and hot offset 
resistance at a high temperature be compatible with each 
other. In particular, a toner using a binder resin 
having a polyester component has been used in a model 
such as a high-speed device where importance is placed 
on fixing performance because of its superior fixability 
and hot offset property. However, a polyester resin 
tends to contain water because the polyester resin is 
polymerized by a dehydration reaction. Moreover, the 
polyester resin tends to adsorb water owing to the 
presence of an acid group or a hydroxyl group at a terminal 
of its molecule. Therefore, the polyester resin is 
susceptible to the temperature and humidity of its use 
environment, so environmental characteristics of 
developability and chargeability of the toner tend to 
be unstable . 

Machines such as a printer are required to achieve 
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miniaturization from the viewpoints of energy 
conservation and space saving in an office, and 
containers for storing toners are also required to 
achieve miniaturization. Therefore, a toner enabling 
low toner consumption, that is, a toner with which many 
sheets can be printed out using only a small amount of 
the toner, has been demanded. 

In the case where a binder resin having a polyester 
component is used for a magnetic toner, it is extremely 
important to control magnetic properties of the toner 
and the charging property of the binder resin to achieve 
low toner consumption. In particular, a 
polymerization catalyst for producing a polyester resin 
is important to enhance environmental stability of 
developabili ty of the toner and to achieve low toner 
consumption because the polymerization catalyst has a 
profound effect on the charging property of the binder 
resin . 

According to the techniques generally performed 
for producing a polyester resin for a toner, a tin-based 
catalyst such as dibutyltin oxide and dioctyltin oxide, 
or an antimony-based catalyst such as antimony trioxide 
is used as the polymerization catalyst. Those 
techniques are inadequate to provide the performance 
required of a magnetic toner, that is, a higher speed 
and greater environmental stability which will be 
further demanded from now on. 
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JP 2002-148867 A discloses a technique of using 
a titanate of an aromatic diol as a polymerization 
catalyst. JP 2001-064378 A discloses a technique of 
using a solid titanium compound as a polymerization 
catalyst . 

However, polymerization of a polyester component 
through the use of a polymerization catalyst made of 
each of those titanium compounds is not adequate for 
controlling the chargeability of a magnetic toner. 

In a one-component developing method using a 
magnetic toner which is preferably used in an 
electrophotographic developing method, the magnetic 
properties and chargeability of the magnetic toner 
significantly affect the toner consumption. In 
particular, in a magnetic toner using a polyester resin 
as its binder resin, it is necessary to comprehensively 
control chargeability, dispersibility of a magnetic 
iron oxide, magnetic properties of the magnetic toner, 
and so on by a combination of the resin and a magnetic 
material. JP 0 9- 0 90 67 0 A, JP 09-146297 A, JP 10-171150 
A, and JP 2002-214829 A each disclose magnetic 
properties of a toner. However, a polymerization 
catalyst for a polyester component and magnetic 
properties of a toner are not sufficiently studied in 
those publications, and thus there remains room for 
improvement . 

JP 03-084558 A, JP 03-229268 A, and JP 04-001766 
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A each disclose a technique of forming a toner into an 
approximately spherical shape by means of a production 
method such as a spray granulation method, a dissolution 
method, or a polymerization method as a technique of 
modifying the shape of a toner. In addition, JP 
02-087157 A, JP 10-097095 A, JP 11-149176 A, and JP 
11-202557 A each disclose a technique of modifying the 
shape and surface characteristics of a particle of a 
toner produced by a pulverization method by applying 
a thermal or mechanical impact. However, modifying the 
shape of a toner by each of those methods alone does 
not facilitate a reduction in toner consumption while 
maintaining high environmental stability of 
developabili ty of a magnetic toner using a polyester 
resin . 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a toner that overcomes the above problems, that is, a 
magnetic toner which is excellent in developabi 1 i ty and 
environmental stability and allows low toner 
consump t ion . 

The present invention relates to a magnetic toner 
comprising magnetic toner particles each comprising at 
least a binder resin and a magnetic iron oxide, wherein: 

the magnetic toner has a saturation magnetization 
as being in the range of 5 to 60 Am 2 /kg and a remanent 
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magnetization ar being in the range of 0.1 to 10.0 Am 2 / kg 
in a measured magnetic field of 795.8 kA/m; and 

the binder resin contains a polyester component 
polymerized byusing a Ti chelate compound as a catalyst. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : 

Fig. 1 is a schematic sectional view showing an 
example of a surface modification apparatus to be used 
in a surface modifying step of the present invention; 
and 

Fig. 2 is a schematic view showing an example of 
a top view of a dispersion rotor shown in Fig. 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the present invention, a resin having a 
polyester component using a Ti chelate compound as a 
catalyst is considered to uniformly contain a Ti 
compound. However, whether the Ti compound is present 
as a Ti chelate compound or is changedby a polymer i zat ion 
reaction into a compound other than a chelate compound 
has not been confirmed yet . However, it is hard to think 
that the Ti compound is present as a Ti metal, and there 
is a high possibility that the Ti compound is present 
as a compound. Therefore, a residual substance of the 
polymerization catalyst in the resin is expressed as 
a "Ti compound". 
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In a one-component developing method using a 
magnetic toner containing a magnetic iron oxide, 
lowering magnetic properties of the toner reduces a 
binding force of the toner to a developing sleeve and 
increases developing efficiency, thereby leading to an 
increased image density. However, the reduction in the 
binding force of the toner to the developing sleeve is 
liable to cause development of the toner in a non-image 
area, so that fog tends to increase. On the contrary, 
raising magnetic properties of the toner suppresses fog, 
but the image density tends to decrease. In addition, 
a magnetic brush of the toner on the developing sleeve 
enlarges, a toner bristle hardly loses its shape between 
a pho toconduct i ve drum and the developing sleeve upon 
development, and thus the toner is developed while the 
shape of the bristle is maintained. Therefore, the 
toner is developed in an image area on the 
photoconduct i ve drum in a larger amount than is 
necessary, so the toner consumption tends to increase. 

The inventors of the present invention have found 
out that use of a magnetic toner whose saturation 
magnetization as being in the range of 5 to 60 Am 2 /kg 
and remanent magnetization or being in the range of 0.1 
to 10.0 Am 2 /kg in a measured magnetic field of 795.8 
kA/m, and use of a binder resin having a polyester 
component polymerized by using a Ti chelate compound 
as a catalyst, allow excellent developabil i ty to be 
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exhibited irrespective of the use environment of the 
toner. The inventors have also found out that the use 
of the magnetic toner is effective for reducing toner 
con sump t ion . 

This is probably because the Ti compound in the 
polyester component serves as a dispersant for a 
magnetic iron oxide and, as a result, dispersibili ty 
of the magnetic iron oxide in the resin markedly 
increases as compared to that in the case where a resin 
using a polymerization catalyst other than a Ti chelate 
compound is used. In this case, variations in magnetic 
iron oxide contents among toner particles become small, 
and a magnetic property distribution of every toner 
particle becomes extremely sharp. Therefore, each 
toner particle can provide magnetic properties as 
designed. Moreover, uniform dispersion of a magnetic 
iron oxide in the toner extremely hastens rising of 
charge of the toner, thereby instantaneously attaining 
a high charge amount for the toner. In addition, the 
uniform dispersion sharpens a charge amount 
distribution of each toner particle. Therefore, the 
toner can maintain excellent developability even in a 
circumstance such as a high- temper a ture and 
high-humidity environment where the toner is hardly 
charged . 

Furthermore, the uniform dispersion of the 
magnetic iron oxide in the toner leads to uniform 
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exposure of the magnetic iron oxide to the toner particle 
surface. Therefore, the magnetic iron oxide serves to 
leak excessive charge of the toner under a 
low- temperature and low-humidity environment, so that 
an appropriate charge amount can be obtained while the 
sharpness of a charge amount distribution of each toner 
particle is maintained. Thus, excellent 
developability can be obtained while fog is suppressed. 

The control of magnetic properties of a toner with 
a sharp charge amount distribution and high charge as 
described above also reduces the toner consumption. 

In a one-component developing method using a 
magnetic toner, at a developing part where a developing 
sleeve and a pho toconducti ve drum are opposed, several 
to several tens of magnetic toners combine owing to a 
magnetic force of a magnet incorporated in the 
developing sleeve to thereby form a bristle. The 
bristle flies from the surface of the developing sleeve 
to the pho toconduct ive drum owing to a developing bias, 
and then developed. 

The toner of the present invention is excellent 
in dispersibility of a magnetic iron oxide, and exhibits 
only small variations in magnetic properties of each 
toner particle. Therefore, bristles having a uniform 
length can be formed on a developing sleeve. In addition, 
the control of magnetic properties of the toner can 
facilitate disentanglement of abristle when the bristle 
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flies to the photoconductive drum. Therefore, the 
toner is not developed on a latent image on the 
photoconductive drum in a larger amount than is 
necessary, so the toner consumption can be reduced. 
Furthermore, because of the charge amount of the toner 
is high and charge amount distribution is sharp at this 
time, the latent image on the photoconductive drum can 
be reproduced faithfully. In addition, the toner does 
not lie off an image area, and the toner is not consumed 
in a larger amount than is necessary to compensate for 
the charge of the latent image. Therefore, an effect 
of reducing the toner consumption can be further 
obtained . 

The inventors of the present invention have found 
out that the above effect is not obtained unless a resin 
having a polyester component polymerized by using a Ti 
chelate compound as a catalyst is used for a magnetic 
toner and magnetic properties of the toner are 
controlled. The inventors of the present invention 
have confirmed that the above effect can not be achieved 
if a resin having a polyester component polymerized by 
using another catalyst is used, or by merely satisfying 
magnetic properties of the toner. 

It is important in the present invention that the 
saturation magnetization as and the remanent 
magnetization or of a magnetic toner in a measured 
magnetic field of 795.8 kA/m are in the range of 5 to 



9 



60 Am 2 /kg and in the range of 0.1 to 10.0 Am 2 /kg, 
respectively. A toner with such magnetic properties 
enables an ideal magnetic brush to be obtained on a 
developing sleeve. Furthermore, a bristle is easily 
disentangled upon development, and the bristle behaves 
not as a bristle but as a single toner particle at a 
developing nip part between the developing sleeve and 
a photoconduc t i ve drum. Therefore, the toner 
consumption can be reduced* 

If the remanent magnetization or out of the 
magnetic properties of the toner is greater than 10.0 
Am 2 /kg, a magnetic cohesive force of toners that form 
a bristle increases to make it difficult to disentangle 
the bristle. Therefore, the toner is developed in an 
image area of a latent image on the phot oconduct i ve drum 
in a larger amount than is necessary to result in an 

increased toner consumption. On the contrary, if ar 
is smaller than 0.1 Am 2 /kg, a force for pulling back 
the toner from the developing sleeve to the 
photoconduct i ve drum weakens to result in deteriorated 
f og . 

If the saturation magneti zat ion as is greater than 
6 0 Am 2 /kg, a bristle on the developing sleeve excessively 
enlarges to result in nonuniform charge of the toner, 
or the bristle is hardly disentangled, so that the toner 
consumption increases. If as is smaller than 5 Am 2 /kg, 
the toner hardly coats the developing sleeve uniformly 
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to result in deteriorated developabili ty . 

The magnetic properties of the toner can be 
controlled by the magnetic properties and addition 
amount of a magnetic iron oxide to be used. 

The Ti chelate compound to be used in the present 
invention preferably has a ligand selected from a diol, 
a dicarboxylic acid, and an oxycarboxylic acid* Of 
those, the ligand is particularly preferably any one 
of an aliphatic diol, a dicarboxylic acid, and an 
oxycarboxylic acid . An aliphatic ligand is preferable 
from the viewpoints of the reduction in a reaction time 
and the ease of temperature control because the 
aliphatic ligand has higher catalytic activity than that 
of an aromatic ligand. 

Specific examples of the ligand to be used for 
the Ti chelate compound include: diols such as 
1,2-ethanediol, 1,2-propanediol, and 1, 3-propanediol; 
dicarboxylic acids such as oxalic acid, malonic acid, 
succinic acid, glutaric acid, adipic acid, and maleic 
acid; and oxycarboxylic acids such as glycolic acid, 

lactic acid, hydroxy acrylic acid, a-oxybutyric acid, 
gl ycer ic acid, t artronic acid, malicacid, tartaric acid, 
.and citric acid. 

In addition, the Ti chelate compound is preferably 
represented by any one of the following formulae (I) 
to (VIII) and hydrates thereof. 
Formula (I) 
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2- 



mM n+ 



(In the formula (I), Ri denotes an alkylene group or 
an alkenylene group having 2 to 10 carbon atoms and may 
have a subs t i tuent , M denotes a counter cat ion, m denotes 
a cation number, n denotes a cation valence, n=2 when 
m=l, n=lwhenm=2, and M denotes a hydrogen ion, an alkali 
metal ion, an ammonium ion, or an organic ammonium ion 
when n=l, and denotes an alkali earth metal ion when 
n=2 . ) 

Formula (II) 



(In the formula (II), R 2 denotes an alkylene group or 
an alkenylene group having 1 to 10 carbon atoms and may 
have a substituent, M denotes a count er cat ion , m denotes 
a cation number, n denotes a cation valence, n=2 when 
m=l, n=lwhenm=2, and M denotes a hydrogen ion , an alkali 
metal ion, an ammonium ion, or an organic ammonium ion 
when n=l, and denotes an alkali earth metal ion when 
n=2 . ) 

Formula (III) 




mM 
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(In the formula (III), M denotes a count er cat ion , m 
denotes a cation number, n denotes a cation valence, 
n=2 when m=l , n=l when m=2, and M denotes a hydrogen 
ion, an alkali metal ion, an ammonium ion, or an organic 
ammonium ion when n=l, and denotes an alkali earth metal 
ion when n=2 . ) 
Formula (IV) 



mM n+ 



(In the formula (IV), R 3 denotes an alkylene group or 
an alkenylene group having 1 to 10 carbon atoms and may 
have a substituent, M denotes a countercat ion, m denotes 
a cation number, n denotes a cation valence, n=2 when 
m=l, n=lwhenm=2, and M denotes a hydrogen ion, an alkali 
metal ion, an ammonium ion, or an organic ammonium ion 
when n=l, and denotes an alkali earth metal ion when 
n=2 . ) 

Formula (V) 
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'fj2+ R 4 I - mM 



n+ 




(In the formula (V) , R 4 denotes an alkylene group or 
an alkenylene group having 2 to 10 carbon atoms and may 
have a substituent, M denotes a countercation, m denotes 
a cation number, n denotes a cation valence, n=2 when 
m=l, n=lwhenm=2, and M denotes a hydrogen ion, an alkali 
metal ion, an ammonium ion, or an organic ammonium ion 
when n=l, and denotes an alkali earth metal ion when 
n=2 . ) 

Formula (VI) 



/ 
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o o 

(In the formula (VI), R 5 denotes an alkylene group or 
an alkenylene group having 1 to 10 carbon atoms and may 
have a substituent, M denotes a counterca t ion, m denotes 
a cation number, n denotes a cation valence, n=2 when 
m=l, n=lwhenm=2, and M denotes a hydrogen ion, an alkali 
metal ion, an ammonium ion, or an organic ammonium ion 
when n=l, and denotes an alkali earth metal ion when 
n=2 . ) 

Formula (VII) 
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(In the formula (VII), M denotes a count ercat ion , m 
denotes a cation number, n denotes a cation valence, 
n=2 when m=l , n=l when m=2, and M denotes a hydrogen 
ion, an alkali metal ion, an ammonium ion, or an organic 
ammonium ion when n=l , and denotes an alkali earth metal 
ion when n=2 . ) 
Formula (VIII) 
O 




mM 



(In the formula (VIII), R 6 denotes an alkylene group 
or an alkenylene group having 1 to 10 carbon atoms and 
may have a substituent, M denotes a counterca t ion, m 
denotes a cation number, n denotes a cation valence, 
n=2 when m=l, n=l when'm=2, and M denotes a hydrogen 
ion, an alkali metal ion, an ammonium ion, or an organic 
ammonium ion when n=l, and denotes an alkali earthmetal 
ion when n=2 . ) 

The Ti chelate compound represented by any one 
of the above formulae (II), (III), (VI), and (VII) and 
hydrates thereof is particularly preferable . This is 
because the compound increases the dispersibility of 
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the magnetic iron oxide, so that an effect of improving 
environmental stability of de ve lopabi 1 i t y of the toner 
or an effect of reducing the toner consumption is large. 

The counter cat ion M in any one of the formulae 
(I) to (VIII) is preferably an alkali metal. Examples 
of the alkali metal include lithium, sodium, potassium, 
rubidium, and cesium. Of those, lithium, sodium, and 
potassium are preferable. Sodium and potassium are 
particularly preferable. 

The addition amount of the Ti chelate compound 
is 0 . 01% by mass or more and 2 % by mas s or less, preferably 
0.05% by mass or more and 1 % by mass or less with respect 
to the total amount of the polyester component. An 
addition amount of less than 0.01% by mass not only 
prolongs a reaction time at the time of polyester 
polymerization but also makes it difficult to obtain 
an effect of increasing the di sper s ibi 1 i t y of the 
magnetic iron oxide. An addition amount of more than 
2% affects the charging property of the toner, so that 
a variation in charge amount tends to be large. 

Each of those Ti chelate compounds may be used 
alone, or two or more kinds of those Ti chelate compounds 
may be used in combination. Alternatively, each of 
those Ti chelate compounds may be used in combination 
with a polymerization catalyst other than a Ti chelate 
compound. In particular, the use of two or more kinds 
of those Ti chelate compounds is preferable because it 
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increases charging stability of the toner and also 
provides an effect of reducing the toner consumption. 

Specific examples of the Ti chelate compounds (1) 
to (11) to be used in the present invention are shown 
below . 



Ti Chelate Compound (1) 



Ti Chelate Compound (2) 



Ti Chelate Compound (3) 



Ti Chelate Compound (4) 




2K+ 



• 2K + 



2K + 



Ti Chelate Compound (5) 
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Ti Chelate Compound (6) 



O 

[Lo JO— CH 2 

H 2 c /fc \ P y \ 



HoC-O 



o 



CH 2 • 2Na 4 



Ti Chelate Compound (7) 



H 2 C 



O 



Tr 2 * 



o 



2Na + 



Ti Chelate Compound (8) 



H 2 C 



CH 3 



Ti 2+ 



2K + 



Ti Chelate Compound (9) 
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2K* 



Ti Chelate Compound (10) 



Ti 2+ / 



/ CH —c-o o-c 



\ 



^CH 



\ 



CH 3 



2K + 



Ti Chelate Compound (11) 



iLo O <3. 



V 



« / 



2Na+ 



Furthermore,, in the present invention, a promoter 
can be used in addition to the polymerization catalyst. 
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For instance, a calcium compound such as calcium acetate, 
a magnesium compound such as magnesium acetate, or a 
zinc compound such as zinc acetate is used. Each of 
halides of alkali and/or alkali earth compounds can also 
be used as the promoter. Specific examples of the 
halides include lithium chloride, potassium iodide, 
potassium fluoride, calcium chloride, and magnesium 
chloride . 

The polyester component to be used in the present 
invention is prepared by condensation polymerization 
between a polyhydric alcohol and a polycarboxyl ic acid. 
Each polyester monomer component shown below is used 
for the polyester component to be used in the present 
invention . 

Examples of dihydric alcohol components include: 
ethylene glycol, propylene glycol, 1 , 3-butanediol , 
1 , 4-butanediol , 2 , 3-butanediol , diethylene glycol, 
triethylene glycol, 1 , 5-pentanediol , 1 , 6-hexanediol , 
neopentyl glycol, 2-ethyl-l, 3-hexanediol, 
hydrogenated bisphenol A, and bisphenols represented 
by the formula (A) and derivatives thereof; and diols 
represented by the formula (B) . 
Formula (A) 




(In the formula, R denotes an ethylene group or a 
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propylene group, x and y denote an integer of 0 or more, 
respectively, and an average value of x + y is 0 to 10. ) 
Formula (B) 



(In the formula, R' is one or two or more selected from 
-CH2CH2-, -CH 2 -CH (CH 3 ) and -CH 2 -C (CH 3 ) z~ , x' and y' each 
denote an integer of 0 or more, and an average value 
of x' + y' is 0 to 1 0 . ) 

Examples of divalent acid components include 
dicarboxylic acids and derivatives thereof such as: 
benzenedicarboxylic acids or anhydrides thereof or 
lower alkyl esters thereof such as phthalic acid, 
terephthalic acid, isophthalic acid, and phthalic 
anhydride; al kyldi carboxyl ic acids such as succinic 
acid, adipic acid, sebacic acid, and azelaic acid, or 
anhydrides thereof or lower alkyl esters thereof; 
alkenyl succinic acids or alkyl succinic acids, such 
as n-dodecenyl succini c acid and n-dodecylsuccinic acid, 
or anhydrides thereof or lower alkyl esters thereof; 
and unsaturated dicarboxylic acids such as f umaric acid, 
maleic acid, citraconic acid, and itaconic acid, or 
anhydrides thereof or lower alkyl esters thereof. 

Further, it is preferable to use in combination 
an alcohol component with 3 or more hydroxyl groups and 
an acid component with a valence of 3 or more which act 
as cross-linked components. 
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Examples of a polyhydric alcohol component with 
3 or more hydroxyl groups include sorbitol, 
1,2,3,6-hexanetetrol, 1,4-sorbitan, pentaerythritol, 
dipentaerythritol, tr ipent aer y thr i tol , 

1.2.4- butanetriol, 1,2,5-pentanetriol, glycerol, 
2-methylpropanetriol, 2 -methyl- 1 , 2 , 4-butanetriol, 
t rime thy lole thane , trimethylolpropane, and 

1.3. 5- t rihydr ox y benzene . 

Particularly preferable examples of the 
polyhydric alcohol component with 3 or more hydroxyl 
groups include a compound having a structure containing 
oxyalkylene ether of a novolak type phenolic resin. A 
compound having a structure containing oxyalkylene 
ether of a novolak type phenolic resin is a reaction 
product of a novolak type phenolic resin and a compound 
having one epoxy ring in the molecule, and has 3 or more 
alcohol hydroxyl groups at its terminals. 

As the novolak type phenolic resin, for example, 
as described in Encyclopedia of Polymer Science and 
Technology ( Inter science Publishers) volume 10, page 
1, section on phenolic resins, a resin can be given, 
which is manufactured by pol ycondensat ion of phenols 
and aldehydes using an inorganic acid such as 
hydrochloric acid, phosphoric acid, and sulfuric acid, 
or an organic acid such as para-toluenesulf onic acid 
and oxalic acid, or a metallic salt such as zinc acetate 
as a catalyst . 
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Examples of the phenols include phenol and a 
substituted phenol with one or more hydrocarbon groups 
each having 1 to 35 carbon atoms and/or halogen groups. 
Specific examples of the substituted phenol include 
cresol (any one of ortho-, meth- and para-) , ethylphenol, 
nonylphenol, octylphenol, phenylphenol, styrenated 
phenol, isopropenylphenol, 3-chlorophenol, 
3-bromophenol, 3, 5-xylenol, 2, 4-xylenol, 2, 6-xylenol, 
3, 5-dichlorophenol , 2, 4-dichlorophenol, 

3-chlor- 5-methylpheno 1 , dichlorxylenol , dibr omxy 1 eno 1 , 
2, 4, 5-tr ichloropheno 1 , and 6-phenyl-2-chlorophenol . 
Two or more of the phenols may also be used in combination . 

Of those, phenol and a substituted phenol with 
a hydrocarbon group are preferable, particularly, 
phenol, cresol, t-bu t y lpheno 1 , and nonylphenol are 
preferable. Phenol and cresol are preferable in terms 
of cost and offset resistance of a toner. The 
substituted phenol with a hydrocarbon group typified 
by t-butylphenol or nonylphenol is preferable since 
temperature dependency of charge amount of a toner is 
made small . 

Examples of the aldehydes include formalin 
(formaldehyde solutions of various concentrations), 
paraformaldehyde, trioxane, and 
hexamethylene te t r amine . 

A number average molecular weight of a novolak 
type phenolic resin is normally within the range of 300 
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to 8,000, preferably 350 to 3,000, or more preferably 
400 to 2, 000. A number average nucleus number of phenols 
inside the novolak type phenolic resin is normally 
within the range of 3 to 60, preferably 3 to 20, or more 
preferably 4 to 15. 

In addition, the novolak type phenolic resin has 
a softening point (JIS K 2531; ring and ball method) 
normally in the range of 40 to 180°C, preferably 40 to 
150°C, ormorepreferably50 to 130°C. Asoftening point 
below 40°C causes blocking at normal temperature, 
thereby making it difficult to treat the resin. In 
addition, a softening point in excess of 180°C is not 
preferable because gelation may occur during the 
manufacturing process of the polyester component. 

Specific examples of the compound having one epoxy 
ring in the molecule include ethylene oxide (EO) , 

1 . 2- propylene oxide (PO), 1,2-butylene oxide, 

2 . 3- butylene oxide, styrene oxide, and epichlor ohydr in . 
An aliphatic monohydric alcohol having 1 to 20 carbon 
atoms or glycidyl ether of monohydric phenol can be used 
as well. Of those, EO and/or PO are preferable. 

A molar number of addition of the compound having 
one epoxy ring in the molecule is normally 1 to 30 moles, 
preferably 2 to 15 moles, or more preferably 2.5 to 10 
moles with respect to 1 mole of the novolak type phenolic 
resin. In addition, an average molar number of addition 
of the compound having one epoxy ring in the molecule 
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with respect to one phenolic hydroxyl group inside the 
novolak type phenolic resin is normally 0.1 to 10 moles, 
preferably 0.1 to 4 moles, or more preferably 0.2 to 
2 moles. 

The structure of a compound having a structure 
containing oxyalkylene ether of the novolak type 
phenolic resin particularly preferably used in the 
present invention is illustrated in the following 
formula (12). 
Formula (12) 




H H 



(In the formula, R denotes an ethylene group or a 
propylene group, x denotes an integer of 0 or more, and 
yl, y2, and y3 denote the same or different integer of 
0 or more. At least one of yl, y2 and y3 denotes integer 
of 1 or more ) . 

The compound having a structure containing 
oxyalkylene ether of the novolak type phenolic resin 
has a number average molecular weight normally in the 
range of 300 to 10,000, preferably 350 to 5, 000, or more 
preferably 450 to 3,000. A number average molecular 
weight below 300 leads to insufficient offset resistance 
of the toner. A number average molecular weight in 
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excess of 10, 000 is not preferable because gelation may 
easily result during the manufacturing process of the 
polyester component . 

The compound having a structure containing 
oxyalkylene ether of the novolak type phenolic resin 
has a hydroxyl group value (a total of an alcohol hydroxy 1 
group and a phenol hydroxyl group) normally in the range 
of 10 to 550 mgKOH/g, .preferably 50 to 500 mgKOH/g, or 
more preferably 100 to 450 mgKOH/g. In addition, among 
the hydroxyl group values, the phenol hydroxyl group 
value is normally in the range of 0 to 500 mgKOH/g, 
preferably 0 to 350 mgKOH/g, or more preferably 5 to 
250 mgKOH/g. 

The manufacturing method for a compound having 
a structure containing oxyalkylene ether of a novolak 
type phenolic resin is illustrated below. In the 
presence of a catalyst (basic catalyst or acidic 
catalyst) as required, a compound having one epoxy ring 
in the molecule is added to a novolak type phenolic resin 
to obtain a compound having a structure containing 
oxyalkylene ether of the novolak type phenolic resin. 
A reaction temperature is normally 20 to 250°C, or 
preferably 70 to 200°C. The addition reaction may also 
be performed under normal pressure, increased pressure, 
or reduced pressure. The addition reaction may also 
be carried out in the presence of at least one of a solvent 
such as xylene, or dime thyl f ormamide , another dihydric 
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alcohol, and another alcohol with 3 or more hydroxyl 
groups . 

Further, examples of a polycarboxyl ic acid 
component with 3 or more carboxyl groups used in the 
present invention include polycarboxylic acids and 
derivatives thereof such as: pyromellitic acid, 

1.2.4 - benzene tricarboxyl ic acid, 

1.2.5- benzenetricarboxylic acid, 

2, 5, 7-naphthalenetr icarboxyl ic acid, 
1, 2, 4 -naphthalenetr icarboxyl ic acid, 

1.2. 4 - butane tricarboxylic acid, 

1.2. 5 - hex anetr icarboxyl ic acid, 

1 , 3-dicarboxyl-2-me thyl-2-me thylenecarboxypropane , 
tetra (methylene carboxyl ) methane , 

1 , 2 , 7 , 8-octanetetracarboxylic acid, Empol trimer acid, 
and anhydrides thereof and lower alkyl esters thereof; 
and tetracarboxylic acids represented by the following 
formula (C), and anhydrides thereof and lower alkyl 
esters thereof. Of those, 1,2,4-benzenetricarboxylic 
acid, 1,2,5-benzenetricarboxylic acid, anhydrides 
thereof, and lower alkyl esters thereof are preferable. 
Formula (C) 

HOOCCH X CHCOOH 

HOOCCH 2 CH 2 COOH 

(In the formula, X denotes an alkylene group or an 
alkenylene group having 5 to 30 carbon atoms and having 
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one or more side chain with 3 or more carbon atoms.) 

A proportion of an alcohol component used in the 
present invention is 40 to 60 mol%, or preferably 45 
to 55 moll . Also, an acid component proportion is 60 
to 40 moll, or preferably 55 to 45 moll. A proportion 
of a polyvalent component with a valence of 3 or more 
is preferably 5 to 60 mol % of the total composition. 

The polyester component is obtained by 
condensation polymerization which is generally 
well-known. A polymerization reaction of a polyester 
component is normally performed under a temperature 
condition of 150 to 300°C, preferably about 170 to 280°C 
in the presence of a Ti chelate compound represented 
by any one of the above formulae (1) to (VIII) as a 
catalyst. Also, the reaction can be carried out under 
normal pressure, reduced pressure, or increased 
pressure. The reaction is desirably carried out by 
reducing a reaction system pressure to lower than 200 
mmHg, preferably lower than 25 mmHg, or more preferably 
lower than 10 mmHg after a predetermined rate of reaction 
is achieved (for instance, about 30 to 90 %). 

The polyester component of the present invention 
can be obtained by stopping the reaction when the 
properties (for instance, an acid value and a softening 
point) of a reaction product have reached predetermined 
values or when the agitation torque or agitation power 
of a reactor has reached a predetermined value. 
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The toner of the present invention may contain a 
vinyl polymer component. Examples of vinyl monomers 
constituting the vinyl polymer component include: 
styrene; styrene derivatives such as o-methyl st yr ene , 
m-me thy 1 styrene , p-me thy Is tyr ene , p -phenyl styrene, 
p-ethyls tyrene, 2, 4-dimethylstyrene, p-butylstyrene, 
p- tert- t ribut yl styrene , p-n-hexyl styrene , 
p-n-octylstyrene, p-n-nonylstyrene, p-n-decylstyrene, 
p-n-dodecyls tyrene , p-methoxystyrene, p-chlorostyrene, 
3, 4-dichloros tyrene, m-nitrostyrene, o-nitrostyrene, 
and p-ni trostyrene ; unsaturated monoolefins such as 
ethylene, propylene, butylene, and isobutylene; 
unsaturated polyenes such as butadiene and isoprene; 
vinyl halides such as vinyl chloride, vinyl bromide, and 
vinyl fluoride; vinyl esters such as vinyl acetate, vinyl 
propionate, and vinyl benzoate; a-methylene aliphatic 
monocarboxylates such as methyl me thacryla t e , ethyl 
methacrylate , propyl methacrylate , n-butyl methacr yl at e , 
isobutyl methacrylate, n-octyl methacrylate, dodecyl 
methacrylate, 2-ethylhexyl methacrylate, stearyl 
methacrylate, phenyl methacrylate , dime thy 1 ami no ethyl 
methacrylate, and diethylaminoethyl methacrylate; 
acrylates such as methyl acrylate, ethyl acrylate, propyl 
acrylate, n-butyl acrylate, isobutyl acrylate, n-octyl 
acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, 
stearyl acrylate, 2-chloroethyl acrylate, and phenyl 
acrylate; vinyl ethers such as vinyl methyl ether, vinyl 
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ethyl ether, and vinyl isobutyl ether; vinyl ketones such 
as vinyl methyl ketone, vinyl hexyl ketone, and methyl 
isopropenyl ketone; N-vinyl compounds such as 
N-vinylpyrrole, N- vinyl carbazole , N-vinylindole, and 
N-vinylpyrrolidone ; vinylnaphthalenes ; and acrylate or 
methacrylate derivatives such as acrylonitr ile , 
methacrylonitrile, and acrylamide. 

Further, examples of the vinyl monomers include: 
a,p-unsaturated acids such as acrylic acid, methacrylic 
acid, crotonic acid, and cinnamic acid; anhydrides of 
a,P -unsaturated acids such as crotonic anhydride and 
cinnamic anhydride; anhydrides of the a, p -unsaturated 
acids and lower fatty acids; and monomers having carboxyl 
groups such as alkenylmalonic acid, alkenylglutaricacid, 
alkenyladipic acid, and monoesters thereof. 

Further, examples of the vinyl monomers include: 
acrylates or me thacr y la t es such as 2 -hydroxye thy 1 
acrylate, 2-hydr oxye thy 1 methacrylate, and 
2-hydroxypropyl methacrylate; and monomers having 
hydroxy groups such as 

4- ( 1 -hydroxy- 1-methylbutyl ) styrene and 
4- ( 1 -hydroxy- 1 -methyl hexyl ) styrene • 

Further, examples of the vinyl monomers include: 
unsaturated dicarboxylic acid half esters such as maleic 
acid methyl half ester, maleic acid ethyl half ester, 
maleic acid butyl half ester, citraconic acidmethyl half 
ester, citraconic acid ethyl half ester, citraconic acid 
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butyl half ester, itaconic acid methyl half ester, 
alkenylsuccinic acid methyl half ester, fumaric acid 
methyl half ester, and mesaconic acid methyl half ester; 
unsaturated dicarboxylic acid diesters such as dimethyl 
maleate and dimethyl fumarate; unsaturated dicarboxylic 
acids such as maleic acid, ci traconic acid, itaconic acid, 
alkenylsuccinic acid, fumaric acid, and mesaconic acid; 
unsaturated dicarboxylic acid anhydrides such as maleic 
anhydride, citraconic anhydride , itaconic anhydride, and 
alkenylsuccinic anhydride. However, when calculating 
a ratio of the polyester monomer component with respect 
to the total monomer components used for producing the 
binder resin used in the present invention, the above 
unsaturated dicarboxylic acid compounds are calculated 
as the polyester monomer component. 

Further, the vinyl polymer component of the present 
invention may be a polymer crosslinked with crosslinking 
monomers exemplified below, as required. 

Examples of aromatic divinyl compounds include 
divinylbenzene and di vinlynaphthalene . Examples of 
diacrylate compounds bonded with an alkyl chain include 
ethylene glycol diacrylate, 1,3-butylene glycol 
diacrylate, 1 , 4 -but anediol diacrylate, 1 , 5-pent anediol 
diacrylate, 1, 6-hexanediol diacrylate, neopentyl glycol 
diacrylate, and those obtained by replacing the 
"acrylate" of each of the compounds with "methacr yl at e " . 

Further, examples of diacrylate compounds bonded 
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with an alkyi chain containing an ether bond include 
diethylene glycol diacrylate, triethylene glycol 
diacrylate, t et raethylene glycol diacrylate, 
polyethylene glycol #400 diacrylate, polyethylene glycol 
#600 diacrylate, dipropylene glycol diacrylate, and those 
obtained by replacing the "acrylate" of each of the 
compounds with "methacrylate " . 

Further, examples of diacrylate compounds bonded 
with a chain containing an aromatic group and an ether 
bond include : 

polyoxy ethylene ( 2 ) -2 , 2 -bis ( 4 -hydroxydipheny 1 ) propane 
diacrylate , 

polyoxyethylene (4) -2,2-bis (4-hydroxyphenyl) propane 
diacrylate, and those obtained by replacing the 
"acrylate" of each of the compounds with "methacrylate"; 
and polyester diacrylate compounds (for example, trade 
name MAN DA , available from Nippon Kayaku Co., Ltd.) . 

Examples of pol y f unct ional crosslinking agents 
include: pentaerythritol triacrylate, 
tr ime thy lol ethane triacrylate, trimethylolpropane 
triacrylate, te trame thy lo Ime thane tetraacrylate, 
oligoester acrylate, and those obtained by replacing the 
"acrylate" of each of the compounds with "methacrylate"; 
and triallyl cyanurate and triallyl tr imellitate . 

These crosslinking agents are used in an amount of 
preferably 0. 01 to 10.0 parts by mass , and more preferably 
0.03 to 5 parts by mass with respect to 100 parts by mass 
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of other vinyl monomer components. 

Examples of polymerization initiators used for 
producing 

the vinyl polymer component include: 
2,2' -azobisisobutyronitrile, 

2,2'-azobis ( 4 -me thoxy-2 , 4-dimethylvaleronitrile) , 

2, 2' -azobis (2, 4-dimethylvaleronitrile) , 

2 , 2' -azobis ( 2-methylbutyronitrile) , 

dime thy 1-2 , 2 ' -azobisisobutyrate, 

1, 1' -azobis (1-cyclohexanecarbonitrile) , 

2- ( carbamoylazo ) isobutyronitrile, 

2,2'-azobis(2 / 4 / 4- 1 r ime thylpentane ) , 

2-phenylazo-2, 4-dimethyl-4-methoxyvaleronitrile, 

and 2,2' -azobis (2-methylpropane) ; ketone peroxides 

such as methyl ethyl ketone peroxide, acet ylacetone 

peroxide, and cyclohexanone peroxide; and 

2, 2-bis (t-butylperoxy) butane, t-butyl hydroperoxide, 

cumene hydroperoxide, 1,1,3, 3- te tr amethylbutyl 

hydroperoxide, di-t-butyl peroxide, t-butylcumyl 

peroxide, dicumyl peroxide, 

a, a' -bis (t- butylperox yd iisopropyl) benzene, isobutyl 
peroxide, octanoyl peroxide, decanoyl peroxide, 
lauroyl peroxide, 3, 5, 5-tr ime thy Ihexanoy 1 peroxide, 
benzoyl peroxide, diisopropyl peroxydi carbonate , 
di-2-ethylhexyl peroxydicarbonate, di-n-propyl 
peroxydicarbonate, di-2-ethoxyethyl 
peroxydicarbonate, dime t ho xyi sop ropy 1 
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pe r ox yd i carbonate, di ( 3-methyl-3-methoxybut yl ) 
peroxycarbonate, ace tylcyclohexylsulf onyl peroxide, 
t-butyl peroxyacetate, t-butyl peroxyisobutyrate, 
t-butyl peroxyneodecanoate , t-butyl 
peroxy-2-ethylhexanoate, t-butyl peroxylaurate, 
t-butyl peroxybenzoate, t-but y lperoxyi sopropyl 
carbonate, di-t-butyl peroxyisophthalate , t-butyl 
peroxyal lylcarbonate , t-amyl peroxy-2- e thylhexanoat e , 
di-t-butyl peroxyhexahydroter ephthalate, and 
di-t-butyl peroxyazelate. 

As the polymerization initiator used for producing 
the vinyl polymer component of the present invention, 
a poly functional polymerization initiator exemplified 
below may be used alone or in combination with 
monof unction a 1 polymerization initiators . 

Specific examples of the poly functional 
polymerization initiator having a pol y f unc t ional 
structure include: poly functional polymerization 
initiators having two or more functional groups with 
polymerization initiating function such as peroxide 
groups within one molecule such as 

1, l-di-t-butylperoxy-3, 3, 3-tr imethylcyclohexane, 

1, 3-bis ( t-but ylperoxyisopropyl ) benzene, 

2, 5-dimethyl-2 , 5 { t-but ylperoxy) hexane, 

2, 5-dimethyl-2 , 5-di ( t-butylperoxy ) hexane, 

tris (t-butylperoxy) triazine, 

1, 1-di-t-butylperoxycyclohexane, 
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2, 2-di- t-but ylperoxybutane , 

4, 4-di- t-but ylperoxyvaleric acid-n-but yl ester, 
di - t-but ylper oxyhexahydrot er ephthal at e , 
di- t-but ylperoxyaz el ate , 
di-t-butylperoxytrimethyladipate, 

2, 2-bis- (4, 4-di- t-but ylper ox ycyclohexyl ) propane, and 
2, 2- t-but ylperoxyoct ane ; and polyf unct ional 
polymerization initiators having both functional groups 
with polymerization initiating function such as peroxide 
groups and polymer izable unsaturated groups within one 
molecule such as diallylperoxydicarbonate, 
tr ibutylperoxymaleic acid, t-butylperoxyallylcarbonate, 
and t-butylperoxyisopropylf umarate . 

Of those, examples of more preferable 
poly functional polymerization initiators include 
1, l-di-t-butylperoxy-3, 3, 5- tr ime thylcyclohexane, 

1. 1- di-t-butylperoxycyclohexane, 
di-t-butylperoxyhexahydroterephthalate, 
di -t-but ylperoxyaz el ate and 

2. 2- bis- (4,4-di-t-butylperoxycyclohexyl) propane, and 
t-butylperoxyallylcarbonate . 

Examples of preferable magnetic iron oxides used 
in. the present invention include: magnetic iron oxides 
containing different elements such as magnetite, 
maghemite, and ferrite; and mixtures thereof. 

Of those, the magnetic iron oxide preferably 
contains at least one element selected from the group 
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consisting of lithium, beryllium, boron, magnesium, 
aluminum, silicon, phosphorus, germanium, titanium, 
zirconium, tin, lead, zinc, calcium, barium, scandium, 
vanadium, chromium, manganese, cobalt, copper, nickel, 
gallium, cadmium, indium, silver, palladium, gold, 
mercury, platinum, tungsten, molybdenum, niobium, osmium, 
strontium, yttrium, technetium, ruthenium, rhodium, and 
bi smuth . 

The magnetic iron oxide used in the present invention 
particularly preferably contains an Si element in an 
amount of 0.1 to 2.0% by mass with respect to the magnetic 
iron oxides . 

The magnetic iron oxide containing an Si element 
exhibits a well-balanced level of exposure to a surface 
of the toner particles. The charge amount of the toner 
can be maintained high regardless of the environment, 
thereby preferably suppressing a decrease in image 
density in a high temperature and high humidity 
environment and a fog in a low temperature and low humidity 
environment at a higher level. 

The preferable magnetic iron oxide used in the 
present invention has magnetic properties measured in 
a magnetic field of 795.8 kA/m such as: saturation 
magnetization of 10 to 200 Am 2 /kg, and more preferably 
70 to 100 Am 2 /kg; remanent magneti zation of 1 to 100Am 2 /kg, 
and more preferably 2 to 20 Am 2 /kg; and antimagnetic force 
of 1 to 30 kA/m, and more preferably 2 to 15 kA/m. 



35 



The magnetic iron oxide according to the present 
invention may be treated with surface treatment agents 
such as a silane coupling agent, a titanium coupling agent, 
titanate, aminosilane, and an organic silicon compound. 

A method for measuring various physical properties 
according to the present invention will be described below 
in detail . 

(Determination of amount of metal elements in the magnetic 
iron oxide) 

According to the present invention, contents of 
metal elements in the magnetic iron oxide (with respect 
to the magnetic iron oxide) except iron can be determined 
through the following method. For example, about 3 L 
of deionized water is poured into a 5 L beaker and is 
warmed to 45 to 50°C using a water bath. About 25 g of 
the magnetic iron oxide in a slurry prepared by mixing 
with about 400 ml of deionized water is added to the 5 
L beaker together with the deionized water while washing 
with about 300 ml of deionized water. 

Next, a reagent-grade hydrochloric acid or a mixed 
acid of hydrochloric acid and hydrofluoric acid is added 
to the mixture while maintaining a temperature of about 
50°C and a stirring speed of about 200 rpm'to begin 
dissolution. At this time, concentration of an aqueous 
hydrochloric acid solution is about 3 mol/L. About 200 
ml of the mixture is taken as a sample when everything 
dissolves and the mixture becomes clear. Then, the amount 
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of an iron element and the metal elements except the iron 
element is determined through Inductively Coupled Plasma 
Atomic Emission Spectrometry (ICP) . 

The* contents of the metal elements except the iron 
element with respect to the magnetic iron oxide are 
calculated according to the following equation (1). 
Equation ( 1 ) 

Contents of the metal elements with respect to the magnetic 
iron oxide (mass %) = ((c x d) / (ex 1000)) x 100 
(wherein, c: metal element concentration in the sample 
(mg/1), d: amount of the sample (1), and e: mass of the 
magnetic iron oxide (g)) 

(Magnetic properties of the magnetic toner and the 
magnetic iron oxide) 

The magnetic properties can be measured using 
"oscillation -type magnetometer" (VSM-3S- 1 5, 
manufactured by TOEI INDUSTRY CO., LTD.) in an external 
magnetic field of 795.8 kA/m. 

The toner of the present invention may contain a 
colorant. The colorant that may be used in the toner 
of the present invention includes an arbitrary, 
appropriate pigment or dye. Examples of the pigment 
include: carbon black, aniline black, acetylene black, 
naphthol yellow, Hansa yellow, rhodamine lake, alizarin 
lake, colcothar, phthalocyanine blue, and indanthrene 
blue. Those colorants are used in a necessary and 
sufficient amount for maintaining optical density of the 
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fixed image. The colorant is added in an amount of 0.1 
to 20 parts by mass, and preferably 0.2 to 10 parts by 
mass with respect to 100 parts by mass of the resin. 

The dye can be used for the same purpose. Examples 
of the dye include an azo dye, an anthr aquinone dye, a 
xanthene dye, and a methine dye. The dye is added in 
an amount of 0.1 to 20 parts by mass, and preferably 0.3 
to 10 parts by mass with respect to 100 parts by mass 
of the resin. 

According to the present invention, use of a metal 
compound of aromatic hydroxycarboxy 1 ic acid represented 
by the following general formula (13) is preferable for 
speeding up charging and improving environmental 
stability of the developability . 
Formula (13) 



(wherein, M represents a coordinating central metal such 
as Cr, Co, Ni, Mn, Fe, Ti, Zr, Zn, Si, B, or Al . (B) 
represents; 




H 2 0 O 
I II 



A 
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(may contain a substi tuent such as an alkyl group) 
(wherein, X represents a hydrogen atom, a halogen atom, 
or a nitro group); and 




(wherein, R represents a hydrogen atom, an alkyl group 
having 1 to 18 carbon atoms, or an alkenyl group having 
2 to 18 carbon atoms) . 

A ,+ represents hydrogen, a sodium ion, a potassium ion, 
an ammonium ion, or an aliphatic ammonium ion. Z 
represents -O- or -C ( =0 ) -0- . ) 

Next, specific examples of the metal compound of 
hydroxycarboxylic acid will be represented as follows. 
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Of those, a compound having Al for a central metal 
is preferable for providing a higher charge amount. 

It is also a preferable mode for the toner of the 
present invention to contain a monoazo iron compound as 
a charge control agent for increasing the toner charge 
and enhancing the stability of the charge. 
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The monoazo iron compound represented by the 
following general formula (18) is part icularly preferable 
for imparting high charge amount with stability. 
Formula (18) 




(wherein, X 2 and X 3 each represent a hydrogen atom, a lower 
alkyl group, a lower alkoxy group, a nitro group, or a 
halogen atom, and k and k 1 each represent an integer of 

1 to 3. Yi and Y 3 each represent a hydrogen atom, an alkyl 
group having 1 to 18 carbon atoms, an alkenyl group having 

2 to 18 carbon atoms, a sulfonamide group, a mesyl group, 
a sulfonic group, a carboxylate group, a hydroxy group, 
an alkoxy group having 1 to 18 carbon atoms, an acetylamino 
group, a benzoyl group, an amino group, or a halogen atom. 
1 and l f each represent an integer of 1 to 3, and Y 2 and 
Y 4 each represent a hydrogen atom or a nitro group. The 
above X 2 and X 3 , k and*k f , Yi and Y 3 , 1 and 1', and Y 2 and 
Y 4 may be the same or different from each other. A ,f + 
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represents an ammonium ion, a sodium ion, a potassium 
ion, a hydrogen ion, or a mixed ion thereof , and prefer ably 
contains 75 to 98 moll of the ammonium ion.) 

Next, specific examples of themonoazo iron compound 
are represented below. 
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Monoazo iron compound (1) 




Monoazo iron compound (2) 




Ct O * O p-N 
>0 X o 




| >_-/ cl 

N— N — <j 7 



CI 



Monoazo iron compound (3) 

a. 




NH 4 + (and H*,Na\IC 
or mixed ion thereof) 



NH 4 + (and H + ,Na + ,K* 
or mixed ion thereof) 



NH 4 *(and H%NaM<* 
or mixed ion thereof) 
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Monoazo iron compound (4) 




Monoazo iron compound (5) 
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Monoazo iron compound (7) 




Of those, a compound represented as the monoazo iron 
compound (1) is preferable for reducing toner 
consumption . 

Those monoazo iron compounds are used in the range 
of 0.1 to 10 parts by mass, and more preferably 0.1 to 
5 parts by mass with respect to 100 parts by mass of the 
binder resin. 

Particularly in the present invention, use of an 
Al hydroxycarboxyl ic compound and a monoazo iron compound 
together preferably results in a significant increase 
of the charge amount of the toner and an improvement in 
the environmental stability of the developabi li ty in the 
case of combining the above two compounds with the 
polyester component polymerized using a Ti chelate 
compound . 

The magnetic toner of the present invention 
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preferably has an average circularity of the toner 
particles, which have a equivalent circle diameter of 
3 |im to 400 jam, of preferably 0 . 930 to less than 0.970, 
more preferably 0.935 to less than 0.970, measured using 
a flow-type particle image analyzer for achieving less 
toner consumption . 

Controlling the magnetic properties and the 
circularity of the magnetic toner using a binder resin 
with a polyester component polymerized using a Ti chelate 
as a catalyst, in particular, allows a very sharp 
distribution of the charge amount or the magnetic 
properties of the toner particles, thus satisfying the 
requirements of less toner consumption and high image 
density at high level. 

The toner particles of a spherical magnetic toner 
will theoretically not have magnetic isotropy if the 
magnetic iron oxide is dispersed uniformly. Therefore, 
magnetic cohesion of the toner particles does not occur, 
thus enabling a development of the toner particles 
dispersed as individual particles, rather than a 
development of a bristle. As a result, a bare minimum 
of the toner is developed on the pho t oconduct i ve drum, 
and the toner consumption is reduced. With low 
circularity, the toner particles are uneven. A concave 
portion or a convex portion of the toner particles 
partially has a localized magnetic direction, and 
magnetic cohesion force of the toner particles becomes 
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large . In addition, the bristle is hardly loosened during 
the development, thereby causing an increase of the toner 
consumption. Controlling the circularity reduces the 
unevenness of the toner particles and averages the 
magnetic force inside the toner particles, and the 
magnetic anisotropy becomes small. The magnetic 
cohesion force of the toner particles thus becomes small 
and the bristle is easily loosened, allowing a reduction 
of the toner consumption. If the average circularity 
is less than 0.930 for the toner particles having 

equivalent circle diameters of 3 fim to 400 jam measured 
using a flow-type particle image analyzer, the magnetic 
cohesion force is large, and the toner consumption easily 
increases. If the average circularity is 0.970 or more, 
controlling a coat of the toner on the developing sleeve 
becomes difficult. Therefore, the charge amount 
distribution of the toner becomes broad with an excess 
amount of the coat. The deve lopabil i ty may degrade, and 
a fog may increase to increase the toner consumption. 

The average circularity according to the present 
invention is adapted to simply express a particle shape 
in a quantitative manner . Inthepresent invention, using 
a flow-type particle image analyzer ( " FPIA-2100" , 
manufactured by SYSMEX COPORATION) in an environment of 
23°C and 60% RH, a circularity of each of the particles, 
which have equivalent circle diameters of 0.60 |im to 400 
Urn, is determined according to the following equation 
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(2). Further, a value determined by dividing the sum 
of measured circularity values of total particles having 
equivalent circle diameters of 3 jam to 400 |im, by the 
number of total particles is defined as an average 
circularity. 
Equation (2) 
Circularity a = L 0 /L 

(wherein, L 0 represents a circumferential length of a 
circle having an area identical to that of a projected 
particle image, and L represents a circumferential 
length of the projected particle image processed at an 
image processing resolution of 512 x 512 (0.3 |im x 0.3 
Hm pixel) . ) 

The circularity used in the present invention is 
an index of a degree of unevenness of the toner particles . 
The circularity of 1.00 represents that the toner 
particles have a shape of a perfect sphere, and a small 
value of circularity represents a complex surface shape 
of the toner. 

Here, the analyzer "FPIA-2100" used in the present 
invention calculates the average circularity by the 
following method. That is, "FPIA-2100" measured the 
circularity, then each particle is divided into 61 
classes in the circularity range of 0.4 to 1.0 according 
to the measured circularity for calculation of the 
average circularity. The average circularity is 
determined using a central value of circularity of each 
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class and the frequency of particles of the class. 
However, the error range of the average circularity 
value thus calculated by the above calculation method 
and the average circularity value obtained according 
to an equation using the sum of circularity values of 
each of the particles is extremely few, substantially 
negligible. Therefore, for data processing such as 
shortening the calculation time and simplifying the 
arithmetic expressions, using the conception of the 
equation using the sum of the above circularity values 
of each of the particles, a partially modified 
calculation method may be used. Further, the analyzer 
"FPIA-2100" used in the present invention has an 
increased measuring accuracy for of the toner shape 
compared to "FPIA1000" conventionally used for 
calculating the toner shape, through thinning of a 
sheathed flow (7 |am to 4 fim) , enhancing of the 
magnification of processed particle images, and 
enhancing of the processing resolution of images taken 
in (256 x 256 to 512 x 512), thereby achieving more 
reliable trapping of fine particles. Therefore, when 
the particle shape and the particle size distribution 
must be more accurately measured as in the present 
invention, FPIA-2100 is useful for providing more 
accurate information relating to the particle shape and 
the particle size distribution. 

As a specific method for measuring the circularity, 



49 



0.1 to 0.5 ml of a surfactant, preferably 
alkylbenzenesulf onate, as a dispersant is added to 200 
to 300ml of waterwith impurities removed from a reaction 
vessel in advance. To this solution, about 0.1 to. 0.5 
g of a measuring sample is further added. The resultant 
suspension containing the dispersed sample is subjected 
to dispersion using an ultrasonic generator for 2 
minutes. The circularity distribution of the 
particles is measured by adjusting the dispersion 
concentration to 2, 000 to 10, 000 part icles/|il . The 
following device is used as the ultrasonic generator, 
for example, under the following dispersion condition. 
UH-150 (manufactured by SMT Co., Ltd.) 
OUTPUT level: 5 
constant mode 

The following describes an outline of the 
measurement. The sample dispersion passes through 

a passage, which is expanded along a flow direction, 

of a flat flow cell of which thickness is about 200 nm . 
A strobe and a CCD camera are installed to position 
mutually opposite to the flow cell to form an optical 
path passing across the thickness of the flow cell . The 
strobe is irradiated to the flowing sample dispersion 
at an interval of 1/30 seconds to provide an image of 
the particles flowing through the flow cell. As a result, 
each of the particles is projected as a two-dimensional 
image having a fixed area parallel to the flow cell. 
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A diameter of a circle having the same area with an area 
of the two-dimensional image of each of the particles 
is calculated as the equivalent circle diameter. The 
circularity of each of the particles is calculated from 
the projected image area of the two-dimensional image 
of each of the particles and the circumferential length 
of the projected image using the above circularity 
equation . 

Next, a method for producing the toner particles 
through a surface modification step will be described 
as a preferable method for providing the toner particles 
of the present invention. A surface modification 
device used in the surface modification step and a method 
for producing the toner particles using the surface 
modification device will be specifically described 
below with reference to the drawings. 

Fig. 1 shows an example of the surface modification 
device used in the present invention, and Fig. 2 shows 
an example of a topviewof a rotor in Fig. 1 which rotates 
at high speed. 

The surface modification device shown in Fig. 1 
possesses: a casing; a jacket (not shown) which allows 
a cooling water or an antifreeze to pass therethrough; 
a dispersion rotor 36 which is a surface modification 
means and a disc rotor, fixed at a central rotation axis 
inside the casing, rotating at high speed and having 
plural square discs or cylindrical pins 40 on an upper 
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surface; a liner 34 provided with a plurality of grooves 
in its surface and located around an outer periphery 
of the dispersion rotor 36 with a prescribed distance 
maintained to the dispersion rotor 36 (the liner may 
be without grooves); a classification rotor 31 which 
is a means for classifying surface-modified toner 
ingredients to a prescribed particle size; a cool air 
introduction port 35 for introducing cool air; a toner 
ingredient supply port 33 for introducing toner 
ingredients to be treated; a discharge valve 38 arranged 
to be capable of opening and closing to allow adjustment 
of the surface modification time; a powder discharge 
port 37 for discharging the treated powders; and a 
cylindrical guide ring 39 as a guiding means, dividing 
the space surrounded by the classification rotor 31 as 
a classifying means, the dispersion rotor 36 as a surface 
modification means, and the liner 34 into a first space 
41 for receiving the particles before being introduced 
to the classifying means and a second space 42 for 
introducing the particles, with fine particles removed 
by classifying means, to the surface modi ficat ion means . 
A gap portion between the dispersion rotor 36 and the 
liner 34 refers to a surface modification zone, and a 
portion including the classification rotor 31 and the 
periphery portion of the rotor refers to a 
classification zone. 

The classification rotor 31 may be placed 



52 



horizontally or vertically as shown in Fig. 1. Further, 
the number of the classification rotors 31 may be single 
as shown in Fig. 1 or plural. 

In the surface modification device constructed 
as described above, toner ingredient particles 
introduced from the toner ingredient supply port 33 with 
the discharge valve 38 closed are sucked inusing a blower 
(not shown) and then classified by the classification 
rotor 31. 

At this time, classified fine powders of the 
prescribed particle size or smaller are continuously 
discharged and removed outside the device 32. The 
coarse powders of the prescribed particle size or larger 
are guided to the surface modification zone along the 
inner periphery (second space 42) of the guide ring 39 
through cent r i f uga t i on while being carried by a 
circulating flow generated by the dispersion rotor 36. 
The toner ingredients guided to the surface modi f i cation 
zone receive mechanical impact force between the 
dispersion rotor 36 and the liner 34, and are subjected 
to surface modification treatment. The 
surface-modified particles are guided to the 
classification zone along the outer periphery of the 
guide ring 39 (first space 41) while being carried by 
cool air passing through the device. The fine powders 
are discharged outside the device again by the 
classification rotor 31. The coarse powders are 
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carried by the circulating flow to be returned to the 
surface modification zone again to be repeatedly 
subjected to surface modification. After a certain 
time period, the surface-modified particles are 
collected from the discharge port 37 by opening the 
discharge valve 38. 

The present invention has such a feature that the 
surface modification of the toner particles can be 
conducted simultaneously with the removal of the fine 
powder component during the toner particle surface 
modification step. Accordingly, toner particles 
having desired circularity, desired average surface 
roughness, and a desired amount of ultrafine particles 
can be effectively provided without the ultrafine 
particles adhering to the toner particle surface. If 
the fine powders cannot be removed simultaneously with 
the surface modification, an amount of the ultrafine 
particles in the surface-modified toner particles 
becomes large. In addition, the ultrafine particle 
component adheres to the toner particle surface having 
a suitable particle size owing to mechanical and thermal 
influences. As a result, protrusions caused by the 
adhered fine powder component form on the surface of 
the toner particles, thus not providing the toner 
particles having desired circularity and desired 
average surface roughness. 

As a result of studies by the inventors of the 
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present invention, surf ace modi ficat ion time, or cycle 
time, through the surface modification device is 
preferably 5 to 180 seconds, more preferably 15 to 120 
seconds. If the surface modification time is less than 
5 seconds, the surface-modified toner particles may not 
be sufficiently obtained because of shortage of 
modification time. Further, if the modification time 
exceeds 180 seconds, the surface modification time is 
too long. Such an excess surface modification time may 
result in fusion inside "the device due to heat produced 
during the surface modification and degrading of 
throughput . 

Further, temperature Tl of cool air introduced 
inside the surface modification device is preferably 
5°C or less according to the method for producing the 
toner particles of the present invention. Setting the 
temperature Tl of the cool air introduced inside the 
surface modification device to 5°C or less, more 
preferably 0°C or less, further more preferably -5°C 
or less enables prevention of fusion inside the device 
by heat generated during the surface modification. If 
the temperature Tl of cool air introduced inside the 
surface modification device exceeds 5°C, fusion may 
occur inside the device by heat generated during surface 
modi f ication . 

The cool air introduced inside the surface 
modification device is preferably dehumidified from a 
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viewpoint of preventing dew drop inside the device . Any 
known dehumidif ier can be used. A dew-point 
temperature of the cool air introduced is preferably 
-15°C or less, and more preferably -20°C or less. 

Further, inside of the surface modification device 
possesses a jacket for cooling inside the device 
according to the method for producing the toner 
particles of the present invention. The surface 
modification treatment is preferably conducted while 
passing a coolant (preferably a cooling water, more 
preferably an antifreeze such as ethylene glycol) 
through the jacket. Cooling inside the device using 
the jacket allows prevention of fusion inside the device 
by heat during the surface modification of the toner 
particles . 

The temperature of the coolant passing through 
the jacket of the surface modification device is 
preferably 5°C or less. Setting the temperature of the 
coolant passing through the jacket of the surface 
modification device to preferably 5°C or less, more 
preferably 0°C or less, further more preferably -5°C 
or less allows prevention of fusion inside the device 
by heat during surface modification. If the 
temperature of the coolant introduced inside the jacket 
exceeds 5°C, fusion may occur inside the device by heat 
generated during the surface modification. 

Further, temperature T2 of a rear of the 
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classification rotor inside the surface modification 
device is preferably 60°C or less. Setting the 
temperature T2 of the rear of the classification rotor 
inside the surface modification device to 60°C or less, 
and preferably 50°C or less allows prevention of fusion 
inside the device by heat generated during the surface 
modification. If the temperature T2 of the rear of the 
classification rotor inside the surface modification 
device exceeds 60°C, fusion may occur inside the device 
by heat generated during surface modification because 
the surface modification zone will be subjected to a 
temperature above 60°C. 

Further, a minimum gap between the dispersion 
rotor and the liner inside the surface modification 
device is preferably 0.5 mm to 15.0 mm, and more 
preferably 1.0 mm to 10.0 mm according to the method 
for producing the toner particles of the present 
invention. Further, a rotating peripheral speed of the 
dispersion rotor is preferably 75 m/sec to 200 m/sec, 
and more preferably 85 m/sec to 180 m/sec. Further, 
a minimum gap between an upper portion of the square 
discs or cylindrical pins located on the upper surface 
of the dispersion rotor inside the surface modification 
device and a lower portion of the cylindrical guide ring 
is preferably 2.0 mm to 50.0 mm, and more preferably 
5 . 0 mm to 4 5.0 mm . 

A pulverizing surface of the dispersion rotor and 
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the liner inside the surface modification device is 
preferably subjected to abrasion resistance treatment 
from a viewpoint of toner particle productivity 
according to the present invention. A method for the 
abrasion resistance treatment is not limited in anyway. 
Further, a blade shape of the dispersion rotor and the 
liner inside the surface modification device is also 
not limited in any way. 

A method for producing the toner particles of the 
present invention preferably includes removing a 
certain amount of fine powders and coarse powders from 
the toner ingredient particles pulverized close to a 
desired particle size in advance using an air sifter, 
and subjecting the toner particles to surface 
modification and removal of the ultrafine powder 
component through the surface modification device. 
Removal of the fine powders in advance results in 
satisfactory dispersion of the toner particles inside 
the surface modification device. The fine powder 
component in the toner particles, in particular, has 
a large specific area and has a relatively higher charge 
amount compared to other large toner particles. 
Therefore, the fine powder component is hardly separated 
from other toner particles, and the ultrafine powder 
component may not be adequately classified by the 
classification rotor. However, removing the fine 
powder component in the toner particles in advance 
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allows easier dispersion of individual toner particles 
inside the surface modification device and adequate 
classification of the ultraf ine powder component by the 
classification rotor, thus providing toner particles 
having a desired part icle size distribution. The toner 
with the fine powders removed using the air sifter 
preferably has a cumulative value of a number average 
distribution of the toner particles having a particle 
diameter of less than 4 |im of 10% to less than 50%, 
preferably 15% to less than 45%, more preferably 15% 
to less than 40% in the particle diameter distribution 
measured using a Coulter-counter method. The 
ultrafine powder component can be effectively removed 
using the surface modification device according to the 
present invention. Examples of the air sifter used in 
the present invention include "Elbow Jet" (manufactured 
by Nittetsu Mining Co., Ltd.) . 

Further, controlling the rpms, etc. of the 
dispersion rotor and the classification rotor inside 
the surface modification device according to the present 
invention enables control of the circularity and the 
average surface roughness of the toner particles to more 
appropriate values . 

The toner of the present invention may contain 
a wax . 

Various waxes may be used for the wax of the present 
invention and examples thereof include: aliphatic 
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hydrocarbon waxes such as low molecular weight 
polyethylene, low molecular weight propylene, a 
polyolef in copolymer, a polyolef in wax, .a 
microcrystal 1 ine wax, a paraffin wax, and a 
Fischer-Tropsch wax; aliphatic hydrocarbon oxide waxes 
such as a polyethylene oxide wax; block copolymers of 
the aliphatic hydrocarbon waxes and the aliphatic 
hydrocarbon oxide waxes; vegetable waxes such as a 
candelila wax, a carnauba wax, a Japanese wax, and a 
jojoba wax; animal waxes such as beeswax, lanolin, and 
a spermaceti wax; mineral waxes such as ozokerite, 
ceresin, and petrol act am; waxes having aliphatic esters 
as a main component such as a montanoic acid ester wax 
and a castor wax; and aliphatic ester waxes of which 
a part of or a whole acidic component is removed, such 
as an deacidified carnauba wax. 

Further examples of the wax include: 
straight-chain saturated fatty acids such as palmitic 
acid, stearic acid, montanic acid, and a long-chain 
alkyl carboxyl acid having a long-chain alkyl group; 
unsaturated fatty acids such as brassidic acid, 
eleostearic acid, and parinaric acid; saturated 
alcohols such as stearyl alcohol, eicosyl alcohol, 
behenyl alcohol, carnaubyl alcohol, ceryl alcohol, 
melissyl alcohol, and an alkyl alcohol having a 
long-chain alkyl group; polyalcohols such as sorbitol; 
fatty amides such as linoleic amide, oleic amide, and 
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lauric amide; saturated fatty bis amides such as 
methylene bis s tearamide , ethylene bis capramide, 
ethylene bis lauramide, and hexamethylene bis 
stearamide; unsaturated fatty amides such as ethylene 
bis oleamide, hexamethylene bis oleamide , N, N'-dioleyl 
adipamide, and N,N'-dioleyl sebacamide; aromatic bis 
amides such as m-xylene bis stearamide and 
N-N 1 -di s tear y 1 i sophthalamide ; al iphatic metal salts, 
which are generally referred to as metallic soaps, such 
as calcium stearate, calcium laurate, zinc stearate, 
and magnesium stearate; graft waxes which are obtained 
by grafting aliphatic hydrocarbon waxes with vinyl 
monomers such as styrene and acrylate; partially 
esterified compounds of fatty acids and polyalcohols 
such as behenic monogl ycer ide ; and methyl ester 
compounds having hydroxyl groups obtained by 
hydrogenat ion of vegetable oil . 

Examples of the wax preferably used include : waxes 
having a sharper molecular weight distribution obtained 
through a press sweating process, a solvent method, a 
recrystallization method, a vacuum distil lation method, 
a supercritical gas extraction method, or a melt 
crystallization method; low molecular weight solid 
fatty acids; low molecular weight solid alcohols; low 
molecular weight solid compounds; and other compounds 
with impurities removed. 

Further, in the magnetic toner of the present 
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invention, hydrophobic inorganic fine particles are 
preferably added to the magnetic toner particles as an 
external addi ti ve . 

Examples of the hydrophobic inorganic fine 
particles used in the present invention include : oxides 
such as wet process silica, dry process silica, titanium 
oxide, alumina, zinc oxide, and tin oxide; multiple 
oxides such as strontium titanate, barium titanate, 
calcium titanate, strontium zirconate, and calcium 
zirconate; and carbonate compounds such as calcium 
carbonate and magnesium carbonate. However, the 
hydrophobic inorganic fine particles are preferably 
selected from the group consisting of silica, titanium 
oxide, alumina, and multiple oxides thereof for 
improving de velopabi 1 i t y and fluidity. 

The particularly preferable inorganic fine 
particles are silica fine particles formed through a 
vapor phase oxidation of a silicon halide, which is 
called a dry process silica or fumed silica. The 
formation of the above silica involves heat 
decomposition oxidation reaction in oxyhydrogen flame 
of a silicon tetrachloride gas, for examples, and a basic 
reaction formula is described below. 

SiCl 4 + 2H 2 + 0 2 - Si0 2 + 4HC1 

Composite fine particles of silica and other metal 
oxides can also be obtained by using a silicon halide 
with other metal hal'ides such as aluminum chloride and 
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titanium chloride in the production step, and silica 
used in the present invention embraces those as well. 

The hydrophobic inorganic fine particles used in 
the present invention are preferably subjected to 
hydrophobic treatment using 1 or more kinds of 
hydrophobic agents such as silicone varnish, silicone 
oil, various modified silicon oils, silane coupling 
agents, silane coupling agents having functional groups, 
other organic silicon compounds, and organic titanium 
compounds which react with or physically adsorb to the 
inorganic fine particles. 

The hydrophobic inorganic fine particles are 
preferably treated with a silane compound or silicone 
oil, in particular, and of those, the inorganic fine 
particles are particularly preferably treated with both 
the silane compound and the silicone oil. That is, 
surface treating the inorganic fine particles using 
those two types of hydrophobic agents shifts 
hydrophobici ty distribution to higher hydrophobici t y , 
enables uniform treatment, and gives the inorganic fine 
particles excellent fluidity, uniform charge amount, 
and humidity resistance. Therefore, the toner can be 
provided with satisfactory developability, in 
particular, developability and durability stability in 
a high humidity environment. 

Examples of the silane compound include: 
alkoxysilanes such as me thoxy s i 1 ane , e thoxys i lane , and 
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propoxysilane ; halosilanes such as chloros i lane, 
bromosilane, and iodosilane; silazanes; hydros i lane s ; 
alkylsilanes; arylsilanes; vinylsilanes; 
acrylsilanes; epoxys i lanes ; silyl compounds; 
siloxanes; silylureas; silylacetamides / and silane 
compounds having different substituents of those silane 
compounds together. Using those silane compounds 
provides fluidity, transferability, and charge 
stability. A plurality of those silane compounds may 
be used. 

Specific examples of the silane compound include 
hexamethyldi sila zane , t r imethyls ilane , 
trime thy lchlorosi lane , t rimethylethoxysi lane, 
dime t hy 1 di ch lor os ilane, methyl trichloros ilane , 
al lyl dimethyl chl or os i lane , 
al lylphenyldi chloros i lane , 
benzy ldimethy lchloros i lane, 
bromome thyldime thylchloros i lane, 
a-chloroe thy 1 trichloros ilane , 
P-chloroethyltrichlorosilane, 
chlorome thyldime thy lchlorosi 1 ane , 

tr iorganos il ylme reap tan, trimethyl s ilylmer capt an , 

triorganosilylacrylate, vi nyl dimethyl ace toxysi lane , 

dime thy lethoxys i lane , dime thy 1 dime thoxys ilane , 

diphenyldiethoxysi lane , hexame thyldis i loxane, 

1 , 3-divinylt etrame thyldis i loxane , 

1, 3-diphenyltetramethyldisiloxane, and 
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dimethylpolysiloxane having 2 to 12 siloxane units per 
molecule and containing a hydroxyl group bonded to one 
Si within a unit located in a terminal. One kind of 
those silane compounds may be used independently, or 
two or more kinds thereof may be used as a mixture. 

Examples of the silicone oil preferably used in 
the present invention include: reactive silicones such 
as amino-modified, epoxy-modi f ied, carboxy 1 -modi f i ed, 
carbinol-modified, me thacryl -modified, 
mercapto-modi f ied, phenol-modified, and different 
functional groups-modified silicones; unreactive 
silicones such as polyether-modif ied, 
me thy Is tyryl -modified, alkyl-modif ied, fatty 
acid-modified, alkoxy-modif ied, and fluorine-modified 
silicones; and straight silicones such as dimethyl 
silicone, methylphenyl silicone, diphenyl silicone, 
and methylhydrogen silicone. 

Of those, the silicone oil containing an alkyl 
group, an aryl group, an alkyl group of which a part 
of or whole hydrogen atom is substituted with fluorine 
atoms , or hydrogen atom as a subst ituent, is preferable. 
Specific examples of the preferable silicone oil include 
dimethyl silicone oil, methylphenyl silicone oil, 
methylhydrogen silicone oil, and fluorine-modified 
si licone oil . 

Those silicone oils have a viscosity at 25°C of 
preferably 5 to 2, 000 mm 2 /s, more preferably 10 to 1, 000 
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mm 2 /s / and further more preferably 30 to 100 mm 2 /s. If 
the viscosity is below 5 mm 2 /s, sufficient 
hydrophobici t y may not be obtained. If the viscosity 
is above 2, 000 mm 2 /s, the inorganic fine particles may 
not be treated uniformly, and aggregates are easily 
formed . Thus , sufficient fluidity may not be provided . 

One or more kinds of those silicone oils are used 
asamixture, in combination, or in mult iple treatment s . 
Further, the treatment using the silicone oils may be 
combined with the treatment using the silane compounds . 

The inorganic fine particles can be treated with 
the silane compounds according to a known method 
including a dry process in which the inorganic fine 
particles formed into a cloud form using a stirrer or 
the like are reacted with a vaporized silane compound, 
and a wet process in which the inorganic fine particles 
dispersed in a solvent are reacted with a s ilane compound 
by dropping. 

The amount of the silane compounds added for the 
treatment of the inorganic fine particles is 5 to 40 
parts by mass, preferably 5 to 35 parts by mass, and 
more preferably 10 to 30 parts by mass with respect to 
100 parts by mass of the base inorganic fine particles. 

The amount of the silicone oil added for the 
treatment is preferably 3 to35partsby mass with respect 
to 100 parts by mass of the inorganic fine particles 
for excellent de ve lopabi 1 i t y in a high temperature and 
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high humidity environment. 

Hydrophobic silica which is obtained by sub j ecting 
silica to hydrophobic treatment with 

hexamethyldisilazane and then further treating with the 
silicone oil, are preferably used in the present 
invention. A treatment using hexamethyldisilazane is 
an excellent, uniform treatment and provides a toner 
with satisfactory fluidity. However, stability of 
charge amount in a high temperature and high humidity 
environment is not easily obtained through treatment 
with hexamethyldisilazane alone. In contrast, a 
treatment with the silicone oil allows the toner retain 
to high charge amount under a high temperature and high 
humidity environment. However, it is difficult for 
silicone oil to uniformly treat. Therefore, an amount 
of the silicone oil required for a uniform treatment 
becomes large and fluidity easily degrades. A 
treatment with the silicone oil following the treatment 
with hexamethyldisilazane enables a uniform treatment 
with a small amount of the oil, thus realizing both high 
fluidity and charge stability in a high temperature and 
high humidity environment. 

An example of a treatment using hydrophobic silica 
according to the present invention is described below. 

Base silica is charged into a treatment tank, and 
a prescribed amount of hexamethyldisilazane is added 
dropwise or by atomizing and then sufficiently mixed 
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while stirring inside the treatment tank using an 
agitating blade or the like. At this time, 
hexamethyldisilazane can be treated by diluting with 
a solvent such as alcohol. The base silica, containing 
a mixed and dispersed hydrophobic agent, forms powder 
liquid at this time. The powder liquid is heated in 
a nitrogen atmosphere to a temperature of the boiling 
point or above of hexamethyldisilazane (preferably 150 
to 2 50 °C ) and is reflux edfor 0.5 to 5 hours while stirring . 
Then, an excess amount of the hydrophobic agent can be 
removed as required. 

A known technique may be used for the hydrophobic 
treatment of a surface of the base silica using the 
silicone oil, and an example thereof includes charging 
the base silica fine particles into the treatment tank, 
and mixing the silica fine particles and the silicone 
oil while stirring inside the treatment tank with an 
agitating blade or the like, similarly to the 
hexamethyldisilazane treatment . The silicone oil may 
be directly mixed using a mixer such as a Henschel mixer 
or the silicone oil may be atomized onto the base silica 
particles. Alternatively, the silicone oil may be 
dissolved or dispersed in an appropriate solvent and 
mixed with the base silica fine particles, and then the 
solvent may be removed. 

A preferable method used for the treatment with 
the silane compound and the silicone oil include 
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treating the base silica fine particles with the silane 
compound, atomizing the silicone oil, followed by 
heating at 200°C or more. 

A preferable hydrophobic treatment method 
according to the present invention is a batch-type 
treatment method involving placing a prescribed amount 
of the base silica fine particles inside a batch reactor, 
followed by performing treatment inside the batch 
reactor while stirring at high speed. The hydrophobic 
silica fine particles obtained from the batch-type 
treatment method are subjected to a uniform treatment 
and have stable quality with good reproducibility. 

The amount of the hydrophobic silica fine 
particles added depends on a kind or a function thereof 
or the like, but is preferably 0.1 to 5 parts by mass, 
more preferably 0.1 to 3 parts by mass with respect to 
100 parts by mass of the toner particles. 

External additives other than the silica fine 
particles may be added to the magnetic toner of the 
present invention as required. Examples of the other 
external additives include resin fine particles or 
inorganic fine particles serving as a charge adjuvant, 
a conductivity imparting agent, a fluidity imparting 
agent, a caking inhibitor, a lubricant, and an abrasive . 

Specific examples of the other external additives 
include: lubricants such as a fluorine resin, zinc 
stearate, andpolyvinyl fluoride (preferably polyvinyl 
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fluoride); abrasives such as cerium oxide, silicon 
carbide, and strontium titanate (preferably strontium 
titanate); and fluidity imparting agents such as 
titanium oxide and aluminum oxide (in particular, 
hydrophobic compounds). Examples of the other 
external additives which can be used in a small amount 
include: caking inhibitors; conductivity imparting 
agent s such as carbon black, zinc oxide, antimony oxide, 
and tine oxide; and develop abi 1 it y improving agents such 
as antipolar white fine particles and black fine 
particles . 

The magnetic toner of the present invention can 
be produced using a general method of forming the toner 
particles used for developing a static image. 
Materials used for the magnetic toner of the present 
invention include at least the binder resin and the 
magnetic iron oxides described above, and optionally 
other materials such as a colorant, a wax, and a charge 
control agent. 

For preparing the toner according to the present 
invention, the following method is mentioned. The 
toner ingredients be sufficiently mixed using a mixer 
such as a ball mill. Then, the mixed materials are 
kneaded well using a thermal kneader such as heated rolls, 
a kneader, or an extruder . The kneaded product is cooled 
to solidify, coarsely pulverized, and then finely 
pulverized. The pulverized product is classified and 



70 



then is subjected to surface modification of the toner 
particles using the surface modification device. 
Alternatively, the pulverized product may preferably 
be subjectedto surface modi fi cat ion and then classified. 
Further, the toner according to the present invention 
can be produced by sufficiently mixing the desired 
additives as required using a mixer such as a Henschel 
mixer . 

Known devices can be used for producing the magnetic 
toner of the present invention, and examples of the mixer 
include: Henschel mixer (manufactured by Mitsui Mining 
Co . , Ltd . ) ; Super mixer (manufactured by Kawat a Mf g . Co . , 
Ltd. ) ; Ribocone (manufactured by Okawara Mfg. Co., Ltd.); 
Nauta mixer, Turbulizer, and Cyclomix (manufactured by 
Hosokawa Micron Corporation) ; Spiral pin mixer 
(manufactured by Pacific Machinery & Engineering Co., 
Ltd.); and Redige mixer (manufactured by Matsubo 
Corporation) . 

Further, examples of the kneader include: KRC 
kneader (manufactured by Kurimoto, Ltd.); 
Buss-Co-Kneader (manufactured by Coperion BUSS AG) ; TEM 
extruder (manufactured by Toshiba Machine Co., Ltd.); 
TEX twin screw kneader (manufactured by Japan Steel Works, 
Ltd. ) ; PCM kneader (manufactured by Ikegai, Ltd. ) ; Three 
roll mill, Mixing roll mill, Kneader (manufactured by 
Inoue-Nissei Engineering Pte., Ltd.); Kneadex 
(manufactured by Mitsui Mining Co., Ltd.); MS type 



71 



pressurizing kneader, and Kneader ruder (manufactured 
by Moriyama Co. , Ltd. ) ; and Banbury mixer (manufactured 
by Kobe Steel, Ltd.). 

Further, examples of the pulverizer include: 
Counter jet mill, Micron jet, and Inomizer (manufactured 
by Hosokawa Micron Corporation) ; IDS type mill, and PJM 
jet pulverizer (manufactured by Nippon Pneumatic Mfg. 
Co., Ltd.); Crossjet Mill (manufactured by Kurimoto, 
Ltd.); Ulmax (manufactured by Nisso Engineering Co., 
Ltd. ) ; SK Jet-O-Mill (manufactured by Seisin Enterprise 
Co., Ltd.); Cliptron (manufactured by Kawasaki Heavy 
Industries, Ltd.); Turbo Mill (manufactured by Turbo 
Kogyo Co . , Ltd . ) ; and Super Rotor (manufactured by Nisshin 
Engineering Inc.) . 

Further, examples of the classifier include: 
Classiel, Micron Classifier, and Spedic Classifier 

(manufactured by Seisin Enterprises Co., Ltd.); Turbo 
Classifier (manufactured by Nisshin Engineering Co., 
Ltd.); Micron separator, Turboplex (ATP), and TSP 
Separator (manufactured by Hosokawa Micron Co., Ltd.); 
Elbow-Jet (manufactured by Nittetsu Mining Co., Ltd.); 
Dispersion Separator (manufactured by Japan Pneumatic 
Co., Ltd.); and YM Microcut (manufactured by Yasukawa 
Electric Co., Ltd.). 

Further, examples of the sieving device for sieving 
coarse particles or the like include: Ultra Sonic 

(manufactured by Koei Sangyo Co., Ltd.); Resona Sieve, 
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and Gyro Sifter (manufactured by Tokuju Corporation); 
Vibrasonic System (manufactured by Dalton Corporation) ; 
Soniclean (manufactured by Sintokogio Co. , Ltd. ) ; Turbo 
Screener (manufactured by Turbo Kogyo Co. , Ltd. ) ; Micro 
Sifter (manufactured by Makino Mfg. Co., Ltd.); and 
Circular Oscillation Screens. 

Example 

The basic construction and features of the present 
invention have been described above. Hereinafter, the 
present invention is specifically described by examples . 
However, the present invention is not limited to these 
examples . 

Table 1 below shows Ti chelate compounds to be 
used in examples. 



[Table 1] 



Compound No . 


Ligand 


Countercation 


Ti chelate Compound (1) 


1 , 2-ethandiol 


K + 


Ti chelate Compound (2) 


1, 3-propanediol 


K + 


Ti chelate Compound (3) 


Succinic acid 


K + 


Dehydrate of Ti chelate 
Compound (9) 


Oxalic acid 


K + 



<Binder Resin Production Example 1> 

• Terephthalic acid: 1 8 par t s by mas s 

•Isophthalic acid: 3 parts by mass 

•Trimellitic anhydride: 7 parts by mass 

•Bisphenol derivative represented by the formula (A) 
(R: a propylene group, x+y=2.2): 7 0 part s by mass 
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•Novolak type phenolic resin (of about 5.6 phenol 
groups) added with 5.6 mole EO: 2 parts by mass 

0.5 parts by mass of the Ti chelate compound (1) 
and 0.5 parts by mass of the Ti chelate compound (2) 
were added as catalysts to the above materials. Then, 
the mixture was subjected to condensation 
polymerization at 230°C to yield a binder resin 1 having 
a polyester component (Tg=59°C, a peak molecular weight 
Mp=8,600, THF insoluble matter=28% by mass). The 
content of the polyester component in the binder resin 
was 100% by mass. 

<Binder Resin Production Example 2> 

300 parts by mass of xylene was charged into a 
four-necked flask. Then, the air in the flask was 
sufficiently substituted by nitrogen while stirring the 
xylene. After that, the temperature was raised for 
reflux. Amixed solution of 75 parts by mass of styrene, 
18 parts by mass of 2-ethylhexyl acrylate, 7 parts by 
mass of acrylic acid, and 2 parts by mass of di-tert-butyl 
peroxide was dropped into the flask under the reflux 
over 4 hours. After that, the mixture was held for 2 
hours to complete polymerization, thereby obtaining a 
resin solution having a vinyl copolymer unit component . 
Then, the organic solvent in the resin solution was 
distilled out, and the resultant resin was cooled and 
solidified. The resin was then pulverized to yield a 
resin having a vinyl copolymer unit component (Tg=58°C, 
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a peak molecular weight (Mp)=9,200, THF insoluble 
matter=0% by mass) . 

•The above resin having a vinyl copolymer unit 
component : lOpartsby mass 

• Terephthalic acid: 20 parts by mass 

•Isophthalic acid: 5 parts by mass 

• Trimellit ic anhydride: 3 parts by mass 

•Bisphenol derivative represented by the formula (A) 
(R: a propylene group, x+y=2.2): 7 0 par ts by mass 

•Novolak type phenolic resin (of about 5.6 phenol 
groups) added with 5.6 mole EO: 2 parts by mass 

Subsequently, 1.0 part by mass of the Ti chelate 
compound (2) was added as a catalyst to the above 
materials. Then, the mixture was subjected to 
condensation polymerization at 230°C to yield a binder 
resin 2 having a polyester component (Tg=58°C, a peak 
molecular weight Mp=9, 100, THF insoluble matter = 16% by 
mass) . The content of the polyester component in the 
binder resin was about 87% by mass. 
<Binder Resin Production Example 3> 

•Terephthalic acid: 2 0 par t s by mas s 

• Dodecenyl succinic acid: 5 parts by mass 

•Trimellitic anhydride: 8 parts by mass 

•Bisphenol derivative represented by the formula (A) 
(R: a propylene group, x+y=2.2): 50 parts by mass 

•Bisphenol derivative represented by the formula (A) 
(R: an ethylene group, x + y = 2.2): 1 5 par t s by mas s 
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•Novolak type phenolic resin (of about 5.6 phenol 
groups) added with 5.6 mole EO: 2 parts by mass 

1.0 part by mass of the Ti chelate compound (2) 
was added as a catalyst to the above materials. Then, 
the mixture was subjected to condensation 
polymerization at 230°C to yield a binder resin 3 having 
a polyester component ( Tg=5 7 °C, apeak molecular weight 
Mp=7,600, THF insoluble matter=36% by mass). The 
content of the polyester component in the binder resin 
was 100% by mass. 

<Binder Resin Production Example 4> 

♦ Ter ephthalic acid: 1 5 par t s by mas s 

• Dodecenyl succinic acid: 5 parts by mass 

•Trimellitic anhydride: 8 parts by mass 

•Bisphenol derivative represented by the formula (A) 
(R: a propylene group, x+y=2.2): 5 0 par t s by mas s 

•Bisphenol derivative represented by the formula (A) 
(R: an ethylene group, x+y=2.2): 2 0 par t s by mas s 

•Novolak type phenolic resin (of about 5.6 phenol 
groups) added with 5.6 mole EO: 2 parts by mass 

1.0 part by mass of the Ti chelate compound (1) 
was added as a catalyst to the above materials. Then, 
the mixture was subjected to condensation 
polymerization at 230°C to yield a binder resin 4 having 
a polyester component (Tg = 56°C, a peak molecular weight 
Mp=8,100, THF insoluble matter=ll% by.mass) . The 
content of the polyester component in the binder resin 
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was 100% by mass. 

<Binder Resin Production Example 5> 

A binder resin 5 was yielded in the same manner 
as in Binder Resin Production Example 4 except that 
te t r ame thy 1 1 i tanat e was used instead of the Ti chelate 
compound (1) . The content of the polyester component 
in the resin was 100% by mass. 
<Binder Resin Production Example 6> 

• Terephthalic acid: 1 8 part s by mass 

•Isophthalic acid: 3 parts by mass 

•Trimellitic anhydride: 7 parts by mass 

•Bisphenol derivative represented by the formula (A) 
(R: a propylene group, x + y=2.2): 70 parts by mass 

•Novolak type phenolic resin (of about 5.6 phenol 
groups) added with 5.6 mole EO: 2 parts by mass 

1 part by mass of dihydrate of the Ti chelate 
compound (9) was added as a catalyst to the above 
materials. Then, the mixture was subjected to 
condensation polymerization at 230°C to yield a binder 
resin 6 having a polyester component (Tg=60°C, a peak 
molecular weight Mp = 8, 800, THF insoluble matter = 31% by 
mass) . The content of the polyester component in the 
binder resin was 100% by mass. 

<Magnetic Iron Oxide Particles Production Example 1> 
Silicate of soda was added to an aqueous solution 
of ferrous sulfate in such a manner that the content 
of an Si element would be 0.50% with respect to an iron 
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element. After that, a caustic soda solution was mixed 
with the above solution to prepare an aqueous solution 
containing iron hydroxide. Air was blown into the 
aqueous solution while the pH of the aqueous solution 
was adjusted to 10. Then, an oxidation reaction was 
performed at a temperature of 80 to 90°C toprepare slurry 
for producing a seed. 

Once the production of a seed was observed, an 
aqueous solution of ferrous sulfate was additionally 
added to the slurry as required. Then, air was blown 
into the slurry while the pH of the slurry was adjusted 
to 10 to thereby progress an oxidation reaction. In 
the meantime, the progress rate of the reaction was 
examined while the concentration of unreacted iron 
hydroxide was examined. At the same time, an Si element 
distribution in a magnetic iron oxide was controlled 
by adjusting the pH of the solution stepwise. In the 
stepwise adjustment, for example, the pH of the solution 
was adjusted to 9 at an early stage of the oxidation 
reaction, to 8 at an intermediate stage of the oxidation 
reaction, and to 6 at a later stage of the oxidation 
reaction. Thus, the oxidation reaction was completed. 

Subsequently, a water-soluble aluminum salt was 
added to an alkaline suspension in which a magnetic iron 
oxide particle containing the Si element was produced, 
in such a manner that the content of the water-soluble 
aluminum salt wouldbe 0.20% with respect to theproduced 
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particle in aluminum element equivalent. After that, 
the pH of the suspension was adjusted to be within the 
range of 6 to 8 to precipitate the water-soluble aluminum 
salt as a hydroxide of aluminum on the magnetic iron 
oxide surface. Then, the precipitate was filtered out, 
washed with water , dried, and crushed to obtain magnet ic 
iron oxide particles having aluminum elements on the 
magnetic iron oxide particles surface. The obtained 
magnetic iron oxide particles were cleaned, filtered, 
and dried according to the conventional method. 

Primary particles of the obtained magnetic iron 
oxide particles were agglomerated to form an agglomerate . 
A compression force and a shearing force were applied 
to the agglomerate of the magnetic iron oxide particles 
using a mix muller . The agglomerate was crushed to make 
the primary particles of the magnetic iron oxide 
particles. At the same time, the surfaces of the 
magnetic iron oxide particles were smoothened. Thus, 
a magnetic iron oxide particle 1 having properties shown 
in Table 2 was obtained. 

<Magnetic Iron Oxide Particles Production Examples 2 
and 3> 

The addition amounts and addition timings of 
silicate of soda and the water-soluble aluminum salt, 
the pH of the aqueous solution, and the like were changed 
to obtain magnetic iron oxide particles 2 to 4 having 
physical properties shown in Table 2. 
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[Table 2] 



Magnetic 
Iron Oxide 


Shape ! 


Si 
(%) 


Al 
(%) 


(Am 2 /kg) 


(Am 2 /kg) 


Particle 
diameter 


Magnetic 
Iron Oxide 
Particles 1 


Sphere 


0 . 52 


0 . 21 


84.9 


6 . 8 


0 . 16 


Magnetic 
Iron Oxide 
Particles 2 


Octahedron 


0 . 13 


0 . 00 


77 . 1 


14 . 8 


0 .11 


Magnetic 
Iron Oxide 
Particles 3 


Sphere 


0 . 85 


0 .34 


80 . 3 


1 . 1 


0 .24 



[Preparation of Toner 1] 

•Binder resin 1 100 parts by mass 

•Magnetic iron oxide particles 100 parts by mass 

•Monoazo iron compound (1) (the counter ion of which 
is a mixture of NH/ and Na + , the mixing ratio of NH 4 + 
to Na + (NH//Na + ) =7/3) 2 parts by mass 

•Aluminum salicylate compound (14) 1 part by mass 
•Fisher-Tropsch wax (DSC peak top t empe r a tur e= 1 0 4°C, 
Mw/Mn=l .8) 4 parts by mass 

The above materials were pre-mixed by using 
Henschel Mixer. Then, the mixed materials were melted 
and kneaded by using a two- ax i s extruder heated to 130°C. 
After the kneaded product was cooled, the kneaded 
product was roughly pulverized using a hammer mill , thus 
obtaining, a toner coarse pulverized material. The 
resultant coarse pulverized material was finely 

pulverized through mechanical pulverization by using 
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a mechanical pulverizer turbo mill (manufactured by 
Turbo Industry Ltd.; rotator and stator surfaces were 
coated with chromium alloy plating containing chromium 

carbide (plating thickness 150 jim, surface hardness HV 
1050) ) , with an inlet air temperature of the pulverizer, 
an outlet air temperature of the pulverizer, and a 
temperature of a coolant for cooling a pulverizing rotor 

and a liner adjusted to -15°C, 48°C, and -5°C, 
respectively. The fine powder and coarse powder of the 
obtained fine pulverized material were strictly 
classified and removed at the same time by using a 
multidivision classifier that utilizes the Coanda 
effect (manufactured by Nittetsu Mining Co., Ltd., 
Elbow-Jet classifier) . 

The classified product was subjected to surface 
modification with the surface modification apparatus 
shown in Fig. 1 . At that time, in this example, 8 square 
disks were placed on an upper part of the dispersion 
rotor. A spacing between the guide ring and each of 
the 8 square disks on the upper part of the dispersion 
rotor was set to 30 mm, and a spacing between the 
dispersion rotor and the liner was set to 5 mm. A 
rotating peripheral speed of the dispersion rotor was 
set to 100 m/sec, and a blower air quantity was set to 
15 m 3 /min. An input amount of the fine pulverized 
product was set to 20 kg, and a cycle time was set to 
60 sec. A temperature of a coolant to be passed through 
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the jacket was set to 0°C / and the cool air temperature 
Tl was set to -20°C. In addition, the rpm of a 
classifying rotor was controlled to obtain 
negatively-charged toner particles having a weight 

average particle diameter (D4) of 6.2 pirn. 

A negatively-charged toner 1 was prepared by 
mixing 100 parts by mass of the negatively-charged toner 
particles and 1.0 part by mass of hydrophobic silica 
fine particles by means of the Henschel Mixer, the 
hydrophobic silica fine particles being obtained by 
treatment of dry silica of BET 200 m 2 /g with 
hexamethyldisilazane, followed by treatment with 
dimethyl silicone oil. Table 3 shows the values for 
the physical properties of the toner 1 measured by FPIA 
2100. 

[Preparation of Toners 2 to 6 and 8] 

Toners 2 to 6 and a toner 8 having physical 
properties shown in Table 3 were prepared in the same 
manner as in the toner 1 except that binder resins and 
magnetic iron oxide particles were changed as shown in 
Table 3, and that operating conditions for the 
mechanical pulverizer and for the surface modification 
apparatus were finely adjusted. 
[Preparation of Toner 7] 

Atoner 7 having physical properties shown in Table 
3 was prepared in the same manner as in the toner 1 except 
for the following. First, a binder resin and a magnetic 
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iron oxide particles shown in Table 3 were used. Second, 
no aluminum salicylate compound was added. Third, 1 
part by mass of a monoazo chromium compound was added 
instead of the monoazo iron compound. Fourth, a jet 
stream type pulverizer was used instead of the 
mechanical pulverizer and no surface modification was 
performed on the surface modification apparatus. 
Fifth, hydrophobic silica treated with 
hexamethyldisilazane was used as hydrophobic silica. 
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[Examples 1 to 7, Comparative Example 1] 

Subsequently, the prepared toners 1 to 8 were 

evaluated according to the method described below. 

Table 4 shows the results of the evaluation. 

The following evaluations were made by using a 

machine obtained by remodeling a laser printer Laser 

Jet 4300 manufactured by Hewlett-Packard (A4 size, 

vertical orientation, having a process speed of about 

325 mm/sec) to 55 ppm . 

(1) Image Density 

Under each of a normal- temper a ture and 
normal-humidity environment (23°C, 60%RH), a 
low- temper ature and low-humidity environment (15°C, 
10%RH), and a high- temperature and high-humidity 

environment (32.5°C, 80%RH), a 20,000-sheet image 
output test was performed on plain paper for a copier 
(75 g/m 2 ) at 2-sheet intervals and at an image print 
ratio of 2%. However, a 25, 000-sheet image output test 
was performed for the toner 8. Table 4 shows the 
results . 

A relative density is measured by a reflection 
densitometer "Macbeth reflection densitometer" 
(manufactured by Macbeth Ltd.) as a relative density 
with respect to a print-out image of a white ground 
portion of 0.00. 

(2) Toner Consumption 

Developing conditions were set in such a manner 
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that a line width of a 2-dot line would be 190 \xra under 
the normal- temperature and normal-humidity 
environment (23°C, 60%RH) . A 5, 000-sheet image output 
test was performed on plain paper for a copier (75 g/m 2 ) 
while the sheets were continuously passed at an image 
print ratio of 4%. Weights of a developing machine 
before and after the image output test were measured 
to calculate a toner consumption per one image. 
(3) Fog 

Fog was measured in a 10, 000-sheet endurance test 
under the low- temper a ture and low-humidity environment 
(15°C / 10%RH) . The method of measuring fog was as 
follows. An average reflectance Dr (%) of plain paper 
before image output was measured by using a 
ref lectometer equipped with a complementary color 
filter for a measured color ( " RE FLE C TOMET ERODE LTC- 6DS " 
manufactured by Tokyo Denshoku). Meanwhile, a solid 
white image was outputted on plain paper, and then a 
reflectance Ds (%) of the solid white image was measured. 
Fog (%) was calculated from the following equation (3) . 
Equation ( 3 ) 
Fog (%) = Dr (%) -Ds (%) 
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The magnetic toner of the present invention uses 
a binder resin having a polyester component using a Ti 
chelate compound as a catalyst, and magnetic properties 
of the magnetic toner are controlled. As a result, 
developabilit y and environmental stability can be 
improved, and the toner consumption can be reduced. 
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